-Chloramine T has been widely used as a disinfectant in many areas such as kitchens, laboratories and hospitals. It has been also used as a biocide in air fresheners and deodorants which are consumer products; however, little is known about its toxic effects by inhalation route. This study was performed to identify the subacute inhalation toxicity of chloramine T under whole-body inhalation exposure conditions. Male and female groups of rats were exposed to chloramine T at concentrations of 0.2, 0.9 and 4.0 mg/m 3 for 6 hr/day, 5 days/week during 4 weeks. After 28-day repeated inhalation of chlo--mation was histopathologically noted around the terminal airways of the lung in both genders. As a result -showed that no observed adverse effect level (NOAEL) was 0.2 mg/m 3 in male rats and 0.9 mg/m 3 in female rats under the present experimental condition.
INTRODUCTION
In the Republic of Korea, unidentified lung injury led to the deaths of a few pregnant women and infants in 2011. An epidemiological investigation and inhalation toxicity test of patients with the lung disease showed that disease occurrence (Lee et al., 2012; Choi et al., 2012) . While oral or dermal exposure of such household chemical product is considered fairly safe, inhalation exposure of the products is shown to have the possibility to cause severe toxicity with changed exposure routes (Kwon et al., 2013) . In addition, other products such as air fresheners, deodorants, detergents and insecticides are being widely used in daily lives without undergoing additional safety evaluation, consequently raising concerns on public health. Therefore, there is a growing need for safety evaluation of inhalation toxicity to identify hazardous effects of household chemical products whose toxicity varies by different exposure routes with a lack of relevant data.
Among a majority of active ingredients, chloramine T is widely used in air fresheners and deodorants for sterilizing agents (Norman, 1977 (Norman, , 1980 . It has been also used as a disinfectant for endoscopes, laboratories, kitchens, swimming pools and drinking water (Sartorelli et al., 2010) . Chloramine T may cause adverse effect to swimming pool cleaners exposed to chloramine T aerosol (Kujala et al., 1995) . In addition, previous studies revealed that chloramine T significantly prolonged the acute inflammatory response compared with saline (Brennan et al., 1986) . It was also competent against mycobacteria (Richards et al., 1983) such as tuberculosis and foot-andmouth disease that widely spread in Korea a few years ago. Chloramine T (CAS number: 127-65-1) is a white powder, slightly basic (pH typically 8.5) and easily biodegradable by ultraviolet light, with a low degree of cytotoxicity.
It has been used in direct contact with tissues for var-ious purposes such as treatment for burn and wounds, and an oral mouthwash (Henderson et al., 1989) . In agricultural practices, chloramine T has been approved as a biocide for diseases such as foot and mouth disease and poultry disease. Chloramine T is considered detrimental if swallowed, inhaled, or absorbed et al., 1981; Brennan et al., 1986) . Symptoms include bronchial obstruction, coughing, wheezing, laryngitis, shortness of breath, et al., 1981) . Besides, it was reported that cleaning women and nurses exposed to aerosols of chloramine T experienced asthma and rhinitis (Kujala et al., 1995 , Sartorelli et al., 2010 . In addition, some workers suffered from occupational asthma after using chloramine T as sterilizing agent (Feinberg and Watrous, 1945; Bourne et al., et al., 1981; Blasco et al., 1992) . Recently, a number of researchers apply comet assay caused by various toxic chemicals and pollutants (Oh et al., 2005; Kim et al., 2006) . Moreover, imbalance of reactive oxygen species (ROS) in the body induces oxidative stress, and when oxidative stress is involved in cell damage due to toxic substances, antioxidant enzymes such et al., 2012). While previous studies have indicated toxic effects due to skin contact or occupational exposure of chloramine T, no report investigated the inhalation toxicity of chloramine T in rats. The principal purpose of this study was to identify the toxic potential after chloramine T exposure through inhalation during 4 weeks in rats. Hematological, biochemical and histopathological examination were perin rat tissues and expression of representative antioxidant enzymes in lungs were also analyzed.
Chemical
Chloramine T was purchased from the Wako pure chemical Industries (Osaka, Japan). Three concentration levels of test solution (low, middle and high) were prepared by diluting chloramine T with distilled water and then a certain level of mist from a mist generator (NB-2N; SIBATA) was maintained in each chamber. The concentrations of chloramine T aerosol in chambers were measured by collecting samples of each chamber with Sampler collected for 20 min using Anderson sampler, and the 80) were measured by each Specific pathogen-free male and female Sprague--bio Company (Seongnam, Korea) and were housed under standard laboratory conditions (Temperature 22 ± 3°C, humidity 50 ± 10%, and 12-hr day/night cycles). Animals were allowed to acclimatize to the facility for 1 week and were then observed for abnormal behavior. They were given free access to a standard chow diet and drinking water ad libitum. However, during exposure period, diets were not provided to both treatment and control groups to prevent diets from being absorbed into the test substance. All animal experiments were performed according to the guidelines of the Institutional Animal Care and Use Committee.
The stainless steel inhalation chamber (Sibata, Saitama, Japan) with a capacity of 1 m 3 on two sides, allowing observation of animals during exposure. The temperature was 22 ± 3 C and the relative humidity was about 50%. Chloramine T aerosol was generated Rats were randomly divided into eight groups depending on body weight comprising five rats in each group (a total of 20 male and 20 female rats). Four male and four female groups were exposed to 0, 0.2, 0.9, and 4.0 mg/m 3 of chloramine T for 6 hr/day, 5 days/week for 4 weeks. Body weight was measured at the beginning of the study, at weekly intervals during the exposure, and at exposure termination. The relative organ weight was calculated with division of organ weights by body weights and reported as (mg/100 g body weight). Clinical observation was performed on animals during exposure and post-exposure, including appearance, mobility, hemorrhage, and abnormal breath at a certain interval during the experiment.
The animals were fasted overnight before necropsy and blood collection. Blood samples were drawn from the -sia. The blood samples were collected into CBC bottles cyte (MO) count, eosinophil (EO) count, basophile (BA) hemoglobin (HB) concentration, hematocrit (HCT), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC), red blood cell distribution Blood samples were drawn from the ventral aorta using a syringe and collected in a serum vacutainer. The sera were collected by centrifugation at 3,000 rpm for 10 min within 2 hr after collection and stored at -80 C in a freezer prior to analysis. The following serum biochemistry parameters were determined using an automatic serum -----um (Na), potassium (K), and chlorine (Cl).
Histopathological examination
After the 4-week inhalation of chloramine T, the aniand lungs were excised. The right lobes of the lungs were routine tissue processing, the tissues were embedded in glass slides. The tissue sections were stained with hematoxylin and eosin (H&E) and examined under the light microscope (Olympus Co., Tokyo, Japan). The lesions were separately graded depending on severity by two different pathologists. If there were discrepancies in the diagnosis and grading, they discussed under the micro-
The pieces of liver, spleen and lung were minced with a scalpel blade and then washed three times in ice-cold -tered suspension was placed in 50 ml conical tubes and single cell suspension. These collected cells were washed were submersed in lysis solution (2.5 M NaCl, 100 mM pH 13) for 20 min and followed by electrophoresis for 20 min at 25 V and 300 mA (0.8 V/cm). After electrophoresis, the slides were neutralized and stained overnight -ment group, two slides were prepared and 50 randomly chosen nuclei per slide (100 cells total) were evaluated. The Olive Tail moment parameter was measured with a Komet 4.0 image analysis system (Kinetic Imaging, Liverpool, UK) fitted with a fluorescence microscope
The current preparation procedure involves freezing rat lung tissues with liquid nitrogen and grinding up the sample to powder using a mortar and pestle. Samples of lungs dilutions from this homogenate were used for the protein determinations. Extracted total was protein transferred at the polyvinylidene difluoride membrane (Milipore corporation, MA, USA) for 2 hr with 400 mA. After transfer, the membrane was then incubated with blocking -radish peroxidase conjugate (Santacruz, 1:2,000 dilu-+ 1 % Tween20) and checked for the expression of target proteins with prepared chemiluminescence (Thermo -sion 17 with nonparametric statistical test, Kruskal-Wallis test, for chloramine T exposed and control groups. Values -
Clinical observation
No treatment-related adverse symptoms or mortality were observed in any of the rats inhaled with chloramine T during the experimental period.
Body weight increased with the increase of exposure body weight were observed (data not shown). The relative organ weights to body weight were calculated with brain, heart, thymus, liver, lung, spleen, testis and ovary of rats exposed to 0.2, 0.9 and 4.0 mg/m 3 of chloramine T with control were observed in each male and female chloramine T treated groups. Meanwhile, the relative thymus weights in females were higher (167-193 mg/100g body weight) than those found in males (87-103 mg/100g body weight).
Multifocal inflammatory foci were observed in the terminal airways (Fig. 1C) and the perivascular are---and alveoli were composed of lymphocytes and histiocytes, sometimes with foamy macrophages (Arrows in Fig. 1C) . Moreover, hyperplasia of type II alveolar epithelial cells was also noted in the respiratory parenchyfound in a dose dependent manner. Male seemed to be more susceptible to the chloramine T-induced lung toxicity than female was; the pulmonary lesions were noted in the middle (0.9 mg/m 3 ) and high exposed groups (4.0 mg/m 3 ) for the male rat, while only in the high exposed group for the female rat. At the concentration of 0.9 mg/m 3 , most of the male rats had pulmonary lesions associated with chloramine T inhalation, however there were no female rats to have abnormal histopathological group (4.0 mg/m 3 ), grade of the lesions were more severe in the male rats than in the female rats, although sim--trol and low exposed groups of male and female rats. Tables 3 and 4 show hematological changes in male and female rats exposed to 0, 0.2, 0.9, and 4.0 mg/m 3 chloramine T. The levels of MO was increased in male rats exposed to only 0.2 and 0.9 mg/m 3 chloramine T when compared with control male group (Table 3) , MO in female group when compared with control female group (Table 4) . Other hematological changes with toxicological relevance were not observed in exposed males and females when compared with the control animals. male rats exposed to 0.2 and 0.9 mg/m 3 chloramine T when compared with control male group (Table 5) . How--ly decreased in group exposed to 4.0 mg/m 3 chloramine T when compared with control female group (Table 6 ). In to 0.2 and 0.9 mg/m 3 chloramine T when compared with decreased in female rats, even though there was no stachanges with toxicological relevance were not found in exposed male and female rats when compared with control animals.
DNA damage in liver, spleen and lung
increased with dose-dependent manner in all organs. After inhalation exposure to 0, 0.2, 0.9, 4.0 mg/m 3 of chloramine T for 4 weeks, the mean values of the Olive tail moments in male rat liver were 1.68 ± 0.17, 2.08 ± 0.06, 2.39 ± 0.22 and 3.18 ± 0.73, respectively. The mean values of the Olive tail moments in female rat liver exposed to 0, 0.2, 0.9, 4.0 mg/m 3 of chloramine T were 2.21 ± 0.26, 2.40 ± 0.20, 3.38 ± 0.36 and 3.49 ± 0.73, respecmiddle and high concentrations of chloramine T (0.9 and 4.0 mg/m 3 (Fig. 3) . This dose related trend was also found in spleen and lung of male and female rats.
In the spleens of male rats exposed to 0, 0.2, 0.9, 4.0 mg/m 3 chloramine T for 4 weeks, mean Olive tail moments were 1.33 ± 0.28, 1.36 ± 0.17, 2.43 ± 0.38 and 3.03 ± 0.42, respectively. In the spleens of female rats exposed to 0, 0.2, 0.9, 4.0 mg/m 3 chloramine T for 4 weeks, the mean values of the Olive tail moments were 1.43 ± 0.15, 1.67 ± 0.24, 2.48 ± 0.72 and 2.53 ± 0.15, also found in the spleens of male and female rats exposed to chloramine T when compared with control group
The mean values of the Olive tail moments of lungs of male rats exposed to 0, 0.2, 0.9, 4.0 mg/m 3 chloramine T were 1.44 ± 0.18, 2.15 ± 0.51, 4.88 ± 1.13 and 5.42 ± occurred at middle and high concentrations of chloramine T (0.9 and 4.0 mg/m 3 ) when compared with control among three kinds of organs of rats.
Western blotting was performed to measure the expression of the antioxidant enzymes, including superoxide -compared with control group, however, these increases were not expressed in a dose-dependent manner (Fig. 4) . Chloramine T is white or slightly yellow crystals having weak chlorine odor and easily soluble to water. It is considered injurious when ingested, inhaled, or immersed especially in hospitals as a disinfectant and for sterilization of endoscopy device (Sartorelli et al., 2010) . Some report showed that a nurse with 14 years working experience displayed early phase of asthmatic reactions after exposure to disinfectant such as glutaraldehyde and chloramine T (Anees et al., 2001; Sartorelli et al., 2010) . The present study was designed to assess the inhalation toxicity of chloramine T. Male and female rats were exposed to several concentrations of chloramine T for 4 weeks via subacute inhalation exposure. Hematological, biochemical, and histopathological effects of chloramine T were Table 5 . such as Comet assay was accomplished in several tissues of lung, liver and spleen and assay of variation of antioxidant enzymes were conducted in lung.
A histopathological examination revealed that there were pulmonary lesions, characterized by multifocal (0.9 mg/m 3 ) and the high dose group (4.0 mg/m 3 ) of the male rat. In addition, we found that the pulmonary lesions occurred only in the high dose group of female rats. Interestingly, the result showed that male rats were more susceptible to adverse effects of chloramine T than female rats. However, we did not identify the exact mechanism of that difference and further studies are required. Siminotably increased in the male rats exposed to chloramine T during 4 weeks, and, in particular, level of monocyte (MO) was significantly increased, whereas there were -eters in female group. In the serum biochemistry, notable changes were noted in the levels of some liver functionmale rats after the 4 weeks exposure of chloramine T, but the changes were not critical in health. The enzymes relat---ues (Lee et al., 2012) .
It was known that comet assay is relatively fast, senbreaks which is caused by toxic chemical and environmental pollutants (Oh et al., 2006; Lee et al., 2005; Fracasso et al., 2006; Cemeli et al., 2009; Nixon et al., 2012; Shim et al., 2012) . In this present study, there was damage in lungs was detected after inhalation exposure 50, 100 and 200 mg/m 3 for 28 days, the mean values of the Olive tail moments of the male rat lungs were 1.42 to 2.69 (Shim et al., 2012) . However, in this study, the Olive tail moments of the male rat lungs exposed to chloramine T of 0, 0.2, 0.9 and 4.0 mg/m 3 were 1.44 to 5.42, showing that the values in middle and high exposed groups of chloramine T were two times the values of fly ash exposed group. These results were observed in lung of female rats as well. In other words, the exposed concentrations of chloramine T in this study were more genetiAs a result of expression of antioxidant enzymes, rats and antioxidant enzymes in female rats were not -nied by a correlation with the results of comet assay.
There was a limitation of this subacute inhalation study. We did not monitor how much chloramine T had exposed to people in a daily life. The concentrations of chloramine T selected in this study (0.2, 0.9, 4.0 mg/m 3 ) were based on our prior acute inhalation test. However, monitoring of exact exposure concentration to people is needed and further long-term studies with those concentrations of chloramine T are necessary to evaluate the toxicity of chloramine T in human.
In conclusion, there was no death or clinical signs during inhalation exposure of chloramine T. In addition, weight, relative organ weight and expression of antioxidant enzymes. However, inhalation exposure of chlo--topathological pulmonary lesions in their lungs. Based on these results under the experimental conditions used in this study, no observed adverse effect level (NOAEL) was determined to be 0.2 mg/m 3 in male rats and 0.9 mg/m 3 in female rats.
